This was a prospective, non-randomized, multicentre study of rocuronium (Org 9426) in 40 elective Caesarean section patients at full term without fetal distress. Anaesthesia was induced with thiopentone 4-6 mg kg" 1 i.v. and rocuronium 0.6 mg kg" 1 and maintained with isoflurane and nitrous oxide in oxygen. Monitors included ECG, arterial pressure, pulse oximeter and train-of-four (TOF) produced by ulnar nerve stimulation. In all patients, full neuromuscular block at the hand indicating the maximum effect of rocuronium (T1 = 0) occurred at a mean time of 98.1 (SE 9.4) s. However, after 79.3 (2.9) s, excellent to good intubating conditions were achieved in 90% of patients. Injection to delivery time was 12.7 (0.9) min and the surgical procedure lasted 53.1 (3.5) min. After administration of rocuronium, T2 appeared after 32.7 (1.8) min (indicating duration of effect). At the end of the surgical procedure in 39 patients, glycopyrronium 0.2 mg and neostigmine 1 mg were given every 5 min to antagonize residual neuromuscular effect. The mean dose of neostigmine required was 1.54 (0.1) mg. Rocuronium had no clinically significant effect on maternal heart rate or arterial pressure. After administration of thiopentone and rocuronium in two patients, temporary erythema occurred, one along the site of injection and the other on the chest wall. Rocuronium had no untoward effects on the neonates, evaluated by 1-and 5-min Apgar scores, time to sustained respiration, total and muscular neuroadaptive capacity scores, acid-base status and blood-gas tensions in umbilical arterial and venous blood. At delivery in 32 patients, concentrations of rocuronium in maternal venous (MV) and umbilical venous (UV) plasma were 2412 (180)ngml" 1 and 389.6 (27.8) ng ml" 1 , respectively (UV/MV ratio 0.16). In 12 patients, the mean concentration of rocuronium in umbilical arterial (UA) plasma was 271.2 (34.7) ngml" 1 with a UA/UV ratio of 0.62. 17-Desacetylrocuronium (Org 9943), the main metabolite of rocuronium, was below the sensitivity level (25 ngml" 1 ) in umbilical venous and arterial plasma; the maternal venous plasma concentration was 178 (31) ng ml" 1 . (Br.
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When rapid sequence induction is required, the relatively slow onset of action of vecuronium (3-4 min) makes it inappropriate [11] . Suxamethonium has a faster onset of action (60 s) [12] but it is a depolarizing agent associated with undesirable side effects and is inadvisable in some conditions (e.g. susceptibility to hyperpyrexia, abnormal cholinesterase genotypes, susceptibility to hyperkalaemia). When rocuronium was used in non-pregnant patients, adequate intubating conditions were achieved in 60-90 s [13] [14] [15] [16] , a desirable feature when rapid sequence induction is required, for example in Caesarean section.
Our study was conducted to evaluate the suitability of rocuronium for Caesarean section, its effects on the mother and fetus, and its placental transfer in humans.
Patients and methods
This was a prospective, non-randomized, multicentre study which was approved by the hospital and university committees overseeing human research. Written, informed consent was obtained from each patient. This study included 40 parturients, ASA I or II, undergoing Caesarean section at full term. Exclusion criteria included fetal distress, preterm labour, intrauterine fetal death or known congenital anomalies, multiple gestations, patients with predictable difficult airway or obesity (weight exceeding 100 kg), patients of ASA class III or more, patients receiving drugs that might alter the effect of neuromuscular blocking agents, for example magnesium sulphate, anticonvulsants or polypeptide antibiotics, and patients from whom informed consent could not be obtained.
Within 30 min of anaesthesia, patients received 30 ml of sodium citrate 0.3 mol litre" 1 orally. No premedication was used. After left uterine displacement, using a wedge under the right hip, monitors were applied, including ECG, automated non-invasive arterial pressure (AP), pulse oximeter and a continuous monitoring system for respiratory gases including oxygen, carbon dioxide and anaesthetics, using mass spectrometry (Perkin-Elmer). Neuromuscular function was assessed by stimulating the ulnar nerve at the wrist, using surface electrodes with train-of-four (TOF) supramaximal square wave impulses of 0.2-s duration administered at 2 Hz every 10 s using a battery-operated stimulator (DigiStem II, Neurotechnology). The resulting force of contraction of the adductor pollicis muscle (Myotrace, Professional Instruments) was measured and recorded continuously using a force transducer. After a few minutes of oxygen administration, rapid sequence induction was performed with thiopentone via a rapidly running i.v. infusion, followed by rocuronium 0.6 mg kg" 1 (2 x ED 95 ) which was injected as a single bolus in 5 s immediately after loss of consciousness. Cricoid pressure was applied from loss of consciousness to confirmation of tracheal tube placement and inflation of the tracheal tube cuff. In the first eight patients, the dose of thiopentone was 4 mg kg" 1 and intubation was started at the disappearance of T3 of the TOF or 60 s from administration of rocuronium, whichever occurred first. Because of inadequate neuromuscular block and patient movement, we increased the dose of thiopentone to 6 mg kg" 1 and the time to intubation to 90 s or disappearance of T3, whichever occurred first.
The condition at intubation was rated as excellent when the jaw was relaxed, vocal cords apart and immobile, and no movement on intubation; good when the jaw was relaxed, vocal cords apart and immobile, and some diaphragmatic movement on intubation; poor when the jaw was relaxed, vocal cords moving, and strong diaphragmatic movement (bucking) on intubation; inadequate when the jaw was not relaxed and vocal cords were closed. Anaesthesia was maintained with 0.75% isoflurane and 50 % nitrous oxide in oxygen until the fetus was delivered. After delivery, the isoflurane concentration was reduced to 0.5 % and anaesthesia was supplemented with a mean dose of morphine of 7 (SD 2.4) mg and diazepam 2.6 (1.9) mg. I.v. fluid before delivery comprised lactated Ringer's solution. After delivery, 5 % glucose 1 litre, to which added oxytocin 20 u. was infused. After delivery of the fetus and return of T2, increments of rocuronium 0.12 mg kg"" 1 were administered if additional neuromuscular block was required. Maternal heart rate and AP were measured and recorded before induction of anaesthesia, after thiopentone and before rocuronium, then every 1 min for 5 min after administration of rocuronium and at least once every 5 min until the end of the procedure. A mixture of glycopyrronium 0.2 mg and neostigmine 1 mg was administered at the end of the procedure every 5 min to antagonize residual neuromuscular block, if required.
Maternal blood samples were obtained for measurement of plasma concentrations of rocuronium and its metabolite, 17-desacetylrocuronium (Org 9943), before induction of anaesthesia and at delivery. Blood from the umbilical vein (UV) and artery (UA) was collected also for measurement of blood-gas tensions and plasma drug concentrations.
The plasma concentrations of drugs were determined by Pharmaco Analytical Laboratories. After centrifuging the blood samples, plasma was separated and stored at -20°C until analysed. Rocuronium, Org 9943 and an internal standard (Org 9273) were extracted from plasma using ion pair extraction followed by derivatization with r-butyldimethylsilyl-trifluoroacetate. Analysis was performed with capillary gas chromatography with nitrogen phosphorus detection. This method was validated with a minimum quantifiable concentration of 25.0 ng ml" 1 for either rocuronium or Org 9943 and required 1.00 ml per plasma sample. The overall percent coefficient of variation for rocuronium was 6.72% and that for Org 9943 10.9%.
The neonate was evaluated using time to sustained respiration, 1-and 5-min Apgar scores, blood-gas tensions, acid-base status and neuroadaptive capacity scores (NACS) [17] (total score, maximum 40; muscular component, maximum 26) at 15 min, 2 h and 24 h after delivery.
Data were analysed using the statistical package Stanview 4.0.1 (FPU version, Abacus Concepts, Inc, CA, USA). Data are expressed as mean (SE) or median and range, when applicable. The relationship between intubation score and the other variables was tested using Kruskall-Wallis one-way analysis of variance. The relationship between the neonatal NACS and thiopentone dosage was tested using Mann-Whitney non-parametric ANOVA since NACS were considered non-parametric. The relationship between NACS at 15 min, 2 h and 24 h and mean fetal plasma concentration was evaluated by linear correlations. P < 0.05 was considered significant.
Results
Patient weight, doses of thiopentone and rocuronium and the recorded times are shown in table 1. When the dose of thiopentone was 4 mg kg" 1 , the intubation score was significantly inferior to the larger dose of 6 mg kg" 1 (P = 0.03) (table 2). Although prolonging the waiting period from 60 to 90 s showed a tendency towards improvement in intubating conditions, this was not statistically significant. At least two twitches had to disappear before good to excellent intubating conditions were provided. The mean times from rocuronium injection to disappearance of T4, T3, T2 and Tl were 81 (10.8), 84.2 (12.5), 91.6 (10.7) and 98.1 (9.4) s, respectively; the latter indicated the With maintenance doses, the respective times were significantly shorter, for example, administration to return of T2 was 13.5 (1.6) min (P < 0.05). At the end of the surgical procedure (53.1 (3.5) min), glycopyrronium and neostigmine were required for complete antagonism in 39 patients, the dose of neostigmine being 1.54 (0.1) mg.
There were statistically significant increases in heart rate and AP 2 min after administration of rocuronium, coinciding with completion of intubation and skin incision ( fig. 1) .
One patient had a localized erythema along the vein where the drugs (thiopentone and rocuronium) were given. This resolved spontaneously in 20 min without any other skin manifestations, bronchospasm or cardiovascular depression. After induction of anaesthesia, another patient had localized erythema on the chest wall which lasted 2 min and resolved spontaneously. During surgery, one patient developed uterine atony and excessive bleeding requiring hysterectomy. The neuromuscular effect was not antagonized and the patient was transferred to the intensive care unit. This patient received a total of 8000 ml of blood. This was the only patient who received fluid other than crystalloid solutions.
On the whole, neonatal conditions were good, as evaluated by Apgar scores, time to sustained respiration, total NACS and muscular NACS at 15 min, 2 h and 24 h, and umbilical arterial and venous acid-base status, and blood-gas tensions (table 3) . None of the neonates required tracheal intubation. In seven neonates, the 1-min Apgar score was less than 7, but the 5-min Apgar score was 7 or more in all neonates. One of the neonates who had a transverse lie, was breathing within 30 s of delivery, had Apgar scores of 8 and 9, total NACS of 32 and muscular NACS of 21 at 15 min. At 1 h after delivery, while being bottle fed, he held his breath and was noted to have chest retraction and tachypnoea. He was admitted to the observation unit overnight. Chest xray was negative. No further episodes occurred and his hospital stay was uneventful. Maternal and fetal plasma concentrations of rocuronium were 2210 ng ml" 1 and 396ngml~l, respectively. Umbilical blood-gas tensions and acid-base status were normal.
In 32 patients, maternal venous and umbilical table 4 with a UV/MV ratio of 0.16. In 12 patients, the umbilical arterial plasma concentration of rocuronium was also measured (table 4) , with a UA/UV ratio of 0.62. The plasma concentration of 17-desacetylrocuronium, the main metabolite of rocuronium which has a weak neuromuscular blocking effect, was below the sensitivity level (< 25 ng ml" 1 ) in umbilical venous and arterial plasma. In maternal venous plasma, mean concentration of 17-desacetylrocuronium was 178 (31) ng ml" 1 and the median was 158 (0-794) ng ml"
1 . The maternal concentration of rocuronium declined rapidly after i.v. administration; there was a significant correlation with time ( fig. 2) . However, there was no correlation between fetal concentrations and either delivery time or NACS (total and muscular) at 15 min, 2 h or 24 h (figs 3A and 3B). Also, changing the dose of thiopentone from 4 to 6 mg kg" 1 had no significant effect on NACS (table 5) .
Discussion
Based on previous studies in adults indicating that 2 x ED 95 had a rapid onset of action and a duration of about 30 min [1, 2] , we arbitrarily used a dose of rocuronium of 0.6 mg kg" 1 . In one study, increasing the dose to 3 x ED 95 did not shorten the onset of action, but prolonged the duration [18] . Using the same dose of rocuronium 0.6 mg kg" 1 , the onset time in our study (98.1 (9.4) s) was comparable with previous studies (96.7 s [6] and 95.8 (12.2) s [2] ) in non-pregnant patients. The more rapid onset of action of rocuronium compared with vecuronium or pancuronium is probably partially a result of its lower potency as the time of onset of action of these drugs is proportional to their potency [16] .
Previous studies have shown that, compared with suxamethonium 1 mg kg" 1 , rocuronium 0.6 mg kg" 1 produced similar intubating conditions and similar mean times to complete intubation [13] [14] [15] 19] . However, such an intubating dose of rocuronium was associated with a longer time to maximum depression of Tl and a longer clinical duration than suxamethonium. Prior administration of suxamethonium decreased the time to maximum depression of Tl, and increased the clinical duration of subsequently administered rocuronium 0.6 mg kg" 1 .
Another study similarly showed that prior administration of suxamethonium reduced by 50 % the dose of pancuronium required to achieve the same effect [20] . Recently it was found that increasing the dose of rocuronium to 3 or 4 x ED 95 (0.9 or 1.2 mg kg" 1 ) significantly shortened the onset time to a value the same as that for suxamethonium lmgkg" 1 [21] . However, increasing the dose of rocuronium with Caesarean section carries the risk of increasing fetal transmission of the drug.
In our study, increasing the dose of thiopentone from 4 to 6 mg kg" 1 improved intubating conditions without adversely affecting neonatal outcome. Kosaka, Takahashi and Mark [22] found that a dose of 6 mg kg" 1 had no harmful effect on the neonate, but when increased to 8 mg kg" 1 , neonatal depression was observed.
Our study was in agreement with previous studies in non-pregnant patients, where rocuronium was found to have little effect on the cardiovascular system [6, 12, 13, 23] . Our case of uterine atony leading to hysterectomy was most probably unrelated to rocuronium because no other incidence of uterine atony occurred and the neuromuscular blocking agents have no known effect on the smooth muscle of the uterus. The cutaneous reaction in two patients was transient, localized and mild. The aetiology was not clear but in neither case could the reaction be ascribed solely to rocuronium.
By simultaneously recording the force of muscle contraction at both the adductor pollicis and adductor muscles of the larynx, Meistelman, Plaud and Donati found that onset time was more rapid at the vocal cords than at the adductor pollicis [24] . In our study, intubating conditions were excellent to good in the presence of one or two twitches of the TOF at the adductor pollicis muscle and occurred in about 80 s, which was earlier than the full effect on the adductor pollicis muscle (about 98 s).
We found that placental transfer of rocuronium, as indicated by a UV/MV ratio of 0.16, was between that of vecuronium (0.11) [25] and pancuronium (0.21) [20] . The more rapid decline of rocuronium in maternal plasma, compared with vecuronium, may have been a factor in the higher UV/MV ratio with rocuronium.
17-Desacetylrocuronium has approximately 5% of the potency of rocuronium as a neuromuscular blocking agent [Organon Inc, data on file]. The concentration of this metabolite in adults necessary to produce any significant neuromuscular effect has to exceed 1000 ng ml"" 1 and for surgical neuromuscular block, 1200-2000 ug ml"
1 [Organon Inc, data on file]. Therefore, the maternal concentration of 17-desacetylrocuronium of 178 (31) ng ml" 1 is likely to have had no significant clinical effects. The fetal concentration of 17-desacetylrocuronium (less than 25 ng ml" 1 ) suggests that the metabolite had no effect on the fetus.
The low 1-min Apgar scores in seven neonates were related to prolonged uterine incision to delivery times, difficulty in delivery (large fetus, abnormal position) or vigorous suctioning of the pharynx causing laryngospasm. Drug concentrations and the NACS in these neonates were within the range of the group as a whole. In all patients, the 5-min Apgar scores were normal. In the one neonate that showed tachypnoea 1 h after delivery and during feeding, it is most unlikely that this effect was related to rocuronium because of the late onset and normality of the other features, including plasma concentrations of rocuronium.
The absence of a correlation between NACS (total and muscular) and fetal plasma concentrations of rocuronium is indirect evidence of the absence of any significant effect of rocuronium on the neonate. Brandom found that with 75% depression of Tl in 12 neonates between 3 and 10 months of age, the median plasma venous concentration of rocuronium was 654 (417-852) ng ml" 1 and the mean value was 654 (SD 119)ngml~1 [Brandom B. Intubation with rocuronium in pediatric patients under halothane anesthesia (unpublished observations)]. These concentrations are much higher than corresponding concentrations in umbilical arterial plasma.
In conclusion, our study showed that rocuronium 0.6 mg kg" 1 provided excellent to good intubating conditions in 90% of Caesarean section patients when combined with thiopentone 6 mg kg" 1 and a waiting period of 80 s after injection. Also, its use was found to be safe for mother and fetus.
